A lthough the first cases of acquired immunodeficiency syndrome (AIDS) were identified in North America in 1981, molecular epidemiology studies have placed the geographical origin of HIV-1 in west-central equatorial Africa (Keele et al. 2006) . Today, Africa still shoulders the greatest burden of the epidemic, harboring .68% of all infections despite accommodating only 13% of the world's population (UNAIDS 2010) . The last five years have seen the epidemic reaching a peak in Africa, Latin America, and the Caribbean, and most parts of Asia. However, rates of transmission are still rising in Eastern Europe and Central Asia (UNAIDS 2010) . In this work, we describe what is known about the emergence of HIV-1 in low-to middleincome countries, focusing specifically on the countries in sub-Saharan Africa, Asia, Latin America, and the Caribbean that are most affected by the epidemic. We provide an overview of the current status of the epidemic, its molecular epidemiology, and the impact of HIV diversity on disease progression, treatment, and vaccine development.
EPIDEMIOLOGICAL HISTORY
The first cases of AIDS in Africa were described in the early 1980s where it affected heterosexual populations in a band of equatorial countries including Zaire (now Democratic Republic of Congo), Rwanda, and Uganda (Piot et al. 1984; van de Perre et al. 1984; Serwadda et al. 1985) . It was initially known as "slim disease" because it was associated with diarrhea and weight loss. The spread of HIV-1 to southern African countries occurred later where detection in the general population of, for example, South Africa was only observed in the late 1980s (Gouws et al. 2010) .
Whereas the epidemic in Africa has always been driven by heterosexual transmission, in other regions such as Latin America and the Caribbean, the HIV epidemic was also associated with injection drug use (IDU) and men who have sex with men (MSM). In these regions, the HIV epidemic started in the late 1970s and early 1980s. By the year 2000, the Caribbean had the second highest prevalence of HIV-1-infected adult population outside sub-Saharan Africa (PAHO, WHO, UNAIDS 2001) .
In Asia, HIV/AIDS was first reported in Thailand, India, and China around the midto late 1980s (Phanuphak et al. 1985; Zeng et al. 1986; Simoes et al. 1987) . Since the early 1990s, HIV prevalences in excess of 10% were documented among female sex workers (FSW) in Thailand and India, as well as among IDUs in countries near the "golden triangle" region (where the borders of Thailand, Myanmar, and Laos meet) (Ma et al. 1990; Estebanez et al. 1993; Dore et al. 1996; Crofts et al. 1998; WHO 1998) . The epidemic then spread to more countries and populations in Asia through IDU, heterosexual transmission, and, at a later time, through MSM contacts, as well as mother-to-child transmission.
CURRENT STATUS
The brunt of the epidemic globally is carried by the low-to middle-income countries, which provide the virus with a fertile environment to spread owing to a combination of factors including poor socioeconomic conditions, lack of access to health care, economic or political displacement of communities, and, to a certain extent, cultural practices and gender inequalities. The highest HIV prevalence in the adult population aged 15 -49 yr is within sub-Saharan Africa (5%), followed by the Caribbean (1%), Eastern Europe and Central Asia (0.8%), Central and South America (0.5%), South and Southeast Asia (0.3%), and East Asia (0.1%) ( Fig. 1 and Table 1 ) (UNAIDS 2010) . Staggeringly, 91% of the world's total HIV-1-infected population, numbering 30 million people (UNAIDS 2010), resided in low-to middle-income countries in 2009. Being hit the hardest by the epidemic is sub-Saharan Africa, which harbors about three-quarters of the world's HIV-1-infected individuals from lowand middle-income countries and more than two-thirds of the world's total (Table 1) . Other regions with high HIV/AIDS burdens include South and Southeast Asia, Eastern Europe and Central Asia, and Central and South America, which, respectively, account for approximately 12%, 4%, and 4% of the world's HIV-1-infected individuals (Table 1) .
Low-to middle-income countries also carry the heaviest burden of drug use -related HIV infections. The three regions with both the highest numbers and the highest prevalence of HIV-positive IDUs are all low-to middleincome regions: Latin America, with 580,000 HIV-infected IDUs (a prevalence of 29%), Eastern Europe with 940,000 HIV-infected IDUs (a prevalence of 27%), and East and Southeast Asia with 661,000 HIV-infected IDUs (a prevalence of 17%) ( Table 2 ). These associations suggest that the fight against drug trafficking and abuse in these regions is inextricably linked with the fight against HIV.
Trends in Africa
The epidemic in sub-Saharan Africa is devastating. In 2009, approximately 22.5 million Africans were living with HIV-1, with the worst affected region being southern Africa where about one-third of the world's HIV-infected people reside (UNAIDS 2010) . There are huge country-to-country variations in the severity of the epidemic. Whereas most southern African countries (Zambia, Zimbabwe, Malawi, Mozambique, Namibia, Botswana, Lesotho, South Africa, and Swaziland) have an adult (15 -49 yr) prevalence of .10%, those in East and Central Africa (Uganda, Kenya, Tanzania, Cameroon, and Rwanda) have less severe epidemics, with adult HIV prevalences ranging between 5% and 10%. Most West African countries have adult prevalences below 1%. Although the worst affected country globally is Swaziland, where approximately 26% of adults are infected with the virus, South Africa is the country with the greatest number of individuals living with HIV: an estimated 5.6 million. In the countries worst affected by the epidemic, life expectancy has been reduced by as much as 20 years and there has been a concomitant reduction in income and an increase in household poverty (UNAIDS 2010) .
The social, economic, and political factors responsible for the widespread epidemic in southern Africa include poverty, poor social and health infrastructure, lack of education, political and social instability, the low status of women, and sexual violence, as well as lack of political commitment, slow control response, and ineffective preventive measures during critical periods of HIV epidemic in the region. There is no single factor that accounts for the high HIV prevalences observed in certain countries in Africa. Behavioral factors are likely to have contributed, including the number of casual sexual partners, condom usage, age of sexual debut, intergenerational sex, concurrency, and sexual networks (Gregson et al. 2002 Steffenson et al. 2011) . Differences in male circumcision practices may also play a role as circumcision has been associated with a 60% reduction in risk of infection, and lack of circumcision in some communities may put these men at increased risk of infection (Auvert et al. 2005; Gray et al. 2007 ). The epidemic in Africa is fueled by genetically diverse viral genotypes, which may differ in terms of pathogenicity and rates of transmission (Kaleebu et al. 2002) . Early HIV infection is associated with high viral loads, and in a region in southern Africa, nearly 40% of transmissions were attributed to this phase of infection (Powers et al. 2011) . Lastly, host genetics affects susceptibility to infection (Pereyra et al. 2010) . It is likely that a combination of these factors has contributed to the varying intensity of the epidemic in Africa; however, the relative contribution that each of these factors makes is unknown. The Africa HIV/AIDS epidemic appears to have peaked in the mid-1990s, and over the last 10 years there has been a decrease in the number of new infections (estimated to be 1.8 million in 2009 compared with 2.2 million in 1999) (UNAIDS 2010) . Although this decrease is thought to be attributable, in part, to the natural course of the HIV epidemic, it is probably also attributable to significant changes in human behavior. Specifically, in 13 sub-Saharan African countries, the age of sexual debut and condom usage has significantly increased, and the number of sexual partners has significantly decreased (UNAIDS 2010). Despite declining infection rates, the massive increase in access to antiretrovirals is expected to result in people living longer with HIV and consequently, to an increase in the number of HIV-1-infected individuals.
In Africa, women are disproportionally affected by the epidemic and accordingly account for 60% of infections. Women are eight times more likely to become infected than their male counterparts (Powers et al. 2008) . Although part of this discrepancy is attributable to women being biologically more susceptible to infection, women are also more vulnerable to infection owing to both gender-associated violence and sociocultural factors that restrict their economic empowerment and access to health care. Along with large numbers of HIV-1-infected women come large numbers of infected babies: There are currently 2.3 million children living with HIV in sub-Saharan Africa. 
Trends in Asia
In many Asian countries, although new HIV infections peaked around the year 2000 and have declined in the FSWand IDU populations, the initially hidden HIV epidemic in the MSM population has experienced a steady increase (Chan et al. 1998; Colby et al. 2003; Girault et al. 2004; UNAIDS 2010) . Consequently, very high HIV prevalences and incidences in MSM have now been reached in many Asian countries, such as Cambodia (9%), Myanmar (29%), India (5% -25%), China (1% -9%, incidence 3.6/100 py), and Thailand (17% -31%, incidence 5.7/100 py) UNAIDS 2010; van Griensven et al. 2010) . In China, the proportion of MSM in the annual reported HIV cases increased from 12% in 2007 to 33% in 2009 (Mi et al. 2010 ).
Because of cultural and social pressures, many MSM in Asia are married or otherwise engaged with female partners so as to avoid social stigma and discrimination. For example, approximately one-quarter of the Chinese MSM are married (Tang et al. 2008) , and 30% of these individuals have sex with a steady female partner . In a Bangkok survey of 1121 MSM, 22% reported having sex with both men and women during the six months before the survey. Of these men, 36% had engaged in unprotected sex and 17% were HIV positive (van Griensven et al. 2005 ). This characteristic of Asian MSM behavior has blurred the line between what, in other parts of the world, are usually distinct HIV-1 epidemics within the MSM community and the general population. MSM in Asia is serving as a bridging group to effectively transmit HIV from high-risk groups to the general population.
IDU is a major route of HIV-1 transmission in this region. Afghanistan and Myanmar are the world's largest opiate-and heroinproducing areas. Whereas one-third of the heroin produced in Afghanistan reaches Europe, one-quarter goes to Central Asia and the Russian Federation. The rest is trafficked to other South and Southeast Asia countries. Most of the heroin produced in Myanmar supplies the local and regional markets, including China, South and Southeast Asia, and Oceania.
Trends in Latin America and the Caribbean
The HIV prevalence is generally around 1% in the Caribbean with the notable exception of Cuba, which has a very low prevalence of 0.1% (UNAIDS 2010). In Latin America and the Figure 2 . Equatorial West Africa, the site where HIV has presumably been evolving in humans for the longest period, is also unsurprisingly at the global epicenter of HIV diversity, and here an extraordinary pool of diverse forms exists (Carr et al. 2010) .
It is apparent that the global epidemic has been seeded by only a handful of these lineages (Fig. 2) . Analysis of HIV-1 sequences is an extremely effective tool for tracking this historical dissemination. Also, HIV evolves rapidly enough that the timescales of viral spread can be traced using the genomic sequences of viruses sampled from the epidemic. Outside of central equatorial Africa, founder events where viruses have moved into new transmission networks and rapidly spread have played a major role in shaping the current diversity of the epidemic (Tebit et al. 2010 ). The genetic bottlenecks that occur when an entire subepidemic is initiated by a single virus being introduced have resulted in relatively low viral diversities in some regions. There are multiple examples of founder effects, with subtype C being the most successful, globally having founded epidemics in South Africa, India, Ethiopia, and South America (Hermelaar et al. 2006) . Other founder effects are seen in Thailand, with subtype B IDU epidemic and CRF01_AE heterosexual epidemic (Korber et al. 2000) , in Russia and Eastern Europe with subtype A IDU epidemic (Bobkov et al. 2001) , and in China with CRF07_B 0 C IDU epidemic Piyasirisilp et al. 2000; Su et al. 2000; Tee et al. 2008) .
Globally, subtype C is now the most successful of the HIV-1M lineages and today accounts for .50% of infections, whereas subtypes A and B each account for over 10% of worldwide HIV infections. Subtypes D and G, CRF01_AE, and CRF02_AG account for only between 2% and 6% each. Subtypes F, H, J, K, other CRFs, and all other unclassified recombinant forms individually make only a minor contribution to the global HIV population (,1% each) but together account for the remaining 15% of worldwide HIV infections (Hemelaar et al. 2006 ). The regional distribution of Figure 2 . Phylogenetic trees illustrating the diversity of HIV-1 in Africa, Asia, and Latin America with the number of sequences included within each phylogeny roughly proportional to the percentage of subtypes contributing to each epidemic (as described by Hemelaar et al. 2006) . The southern African epidemic is illustrated separately from the rest of Africa. Each sequence in the African phylogenies represents 250,000 infections, each sequence in the Asian phylogeny represents 200,000 infections, and each sequence in the Latin American phylogeny represents 26,000 infections. HIV-1 gp160 sequences from Los Alamos HIV database were used (http://www.hiv.lanl.gov/) and branch-length scale is in expected nucleotide substitutions per site. The figure was generated by Nobubelo Ngandu, University of Cape Town. (Worobey et al. 2008 ) and appear to be quite closely related to ancestral subtype A and D viruses. Although all HIV-1M subtypes have been identified in the DRC and Cameroon, subtype A dominates in the DRC, and CRF02_AG dominates in Cameroon (Carr et al. 2010 ). This AG recombinant, and subtypes A1 and G, are very successful in Western Africa where they today collectively dominate the epidemics in Nigeria, Ghana, Senegal, Mali, and Cote d'Ivoire (Hemelaar et al. 2006) .
Outside of West Africa, East Africa has the oldest epidemic that is driven primarily by infections with subtypes A and D and their derived recombinants. Subtype A was likely to have entered East Africa some time shortly after 1950, with subtype D being introduced about ten years later (Vidal et al. 2000; Gray et al. 2009 ). Today, subtype A dominates in Kenya (Dowling et al. 2002) , whereas both subtypes A and D have emerged in Uganda (Herbeck et al. 2007 ). Tanzania, which lies between the subtype A/D epidemic on its northern border and the subtype C epidemic on its southern border, is a melting pot of subtype A, C, and, to a lesser extent, D infections and various recombinant forms. Subtype C accounts for almost all infections in southern Africa.
The Spread of HIV to South America
In South America, subtype B was initially introduced into MSM transmission networks from Haiti and North America (see Vermund and Leigh-Brown 2011) , with subtypes C and F1, and recombinants BC and BF1, becoming more dominant later. Although initially it was thought that the South American subtype C epidemic was founded by viruses from Burundi, a country that does not share social, cultural, or economic relations with any South American country, it was later found to be linked to a small subtype C epidemic in the United Kingdom, a country which shares strong ties with Brazil (de Oliveira et al. 2010) . Subtype F was thought to be introduced into South America in the late 1970s, and a BF1 recombinant rapidly spread, becoming the dominant virus in Argentina (Aulicino et al. 2007 ).
The Spread of HIV to Asia and the Pacific Rim
In Asia, there are four major HIV lineages, including subtypes C and B, CRF01_AE, and CRF07 and 08, which are B/C recombinants (Figs. 2 and 4). Subtype C accounts for close to 97% of infections in India, whereas in Southeast Asia, CRF01_AE accounts for more than 90% of the infections in Thailand, Vietnam, Cambodia, and Indonesia. In China, CRF07/ 08_B 0 C, CRF01_AE, and subtype B 0 viruses are in circulation, whereas in West Asia (mainly Russia and former Soviet states) subtypes A, B, C, and various recombinants all account for similar numbers of infections. Exceptional epidemics in the Asian region occur in the Philippines, where subtype B dominates, and in Pakistan through Central Asia, where subtype A is dominant (Fig. 4) .
The Chinese national HIV molecular epidemiology surveys provided an opportunity to view the evolution of the HIV-1 subtypes throughout the country. They showed that the initial epidemic in IDUs in the Yunnan Province bordering Myanmar was dominated by a welldefined lineage of subtype B viruses (known as either the Thai B lineage or subtype B 0 ) (Ma et al.1990; Shao et al. 1994 ). This subtype B 0 was also responsible for a severe epidemic among commercial plasma donors in central China in the mid-1990s, triggered by unsafe practices at that time (Li et al. 1997; Cui et al. 2004) . In 1992, subtype C viruses, most likely originating from northern India, were detected in IDUs in the Yunnan (Luo et al.1995; Yu et al. 1998; Zhao et al. 1999 ). In the early 1990s, the Chinese subtype C and subtype B 0 lineages recombined with one another to produce CRF07_B 0 C and 08_B 0 C Piyasirisilp et al. 2000; Su et al. 2000; Tee et al. 2008) . These recombinants were also transmitted among IDUs from Yunnan northward to Sichuan, Qinghai, and Xinjiang region, and eastward to Guangxi Province Piyasirisilp et al. 2000; Su et al. 2000) . Although CRF01_AE was initially spread in South and Eastern China primarily through heterosexual contacts (Xing et al. 2002; Zhang et al. 2006) , it later became one of the dominant HIV-1 strains circulating within the Chinese MSM population living with HIV ). Within China today, CRF01_AE, CRF07_B 0 C, and subtype B are the major lineages, with subtype B decreasing in prominence within this epidemic (Teng et al. 2011) .
HIV PATHOGENESIS IN LOW-TO MIDDLE-INCOME COUNTRIES
It is difficult to directly compare disease progression profiles between lower-and higherincome countries because of the confounding influences of country-to-country differences in both the subtype makeup of circulating viruses, host population differences related to age distributions, gender-dependent infection biases, modes of transmission, and host genetics. Additional confounding factors are the increased frequency in lower-income countries of mixed infections of HIV with other diseases such as tuberculosis, together with decreased access to basic health care such as antibiotics for treating opportunistic infections.
There have been only a few studies that have sought to determine whether there exist subtype-dependent differences in rates of disease progression. In East Africa, where subtypes A and D are cocirculating, studies have shown that individuals infected with subtype D viruses tended to progress to AIDS faster than those infected with subtype A viruses (Kaleebu et al. 2002; Kiwanuka et al. 2008) . For example, a study by Kiwanuka et al. (2008) , involving 350 Ugandan HIV-1 seroconvertors infected with subtype A (15%), D (59%), and recombinant forms (21%), found that whereas individuals infected with recombinant viruses had a median time to AIDS of 5.6 years, those infected with subtype D and A viruses had a median time to AIDS of 6.5 and 8 years, respectively. Progression to AIDS has been associated with coreceptor switch from CCR5 (R5) to CXCR4 (X4), and one possible explanation for subtype D viruses being more virulent than subtype Aviruses is that subtype D viruses are more likely to use CXCR4 as a coreceptor for cellular entry.
In regions of the world where the incidence of HIV is high, individuals are at increased risk of being infected with multiple divergent HIV-1 strains (i.e., diverse members of either the same or different subtypes) (Herbinger et al. 2006) . Both coinfection and superinfection have been associated with higher viral loads and increased rates of disease progression (Gottlieb et al. 2004; Grobler et al. 2004) . Similarly, in Tanzania where up to 24% of HIV-positive individuals may be infected with multiple divergent HIV lineages, multiple infections were associated with increased viral loads (Saathoff et al. 2010) .
HIV GENETIC DIVERSITY AND DRUG RESISTANCE
The development of highly effective antiretroviral drugs over the past two decades has saved millions of lives; however, the continuing evolution of resistance to these drugs among circulating HIV variants is of concern and presents a new global challenge. In low-to middle-income countries, alteration of drug combinations to combat multidrug resistance is often not an available treatment option. It is therefore important in these countries that effective HIV drug resistance (HIVDR) surveillance infrastructure is set up, to combat the emergence of HIV lineages that are resistant to multiple antiretrovirals ).
Surveillance of Transmitted HIVDR in Antiretroviral Treatment-Naïve HIV-1-Infected Individuals
With increasing numbers of people on antiretroviral therapy, there is also an increased probability of viruses both developing drug resistance mutations and these mutant viruses being transmitted. Individuals infected with viruses carrying multiple drug resistance mutations may have reduced survival prospects, and for this reason, estimates of the rate at which drug resistance mutations are transmitted are a key target metric of the World Health Organization (WHO) HIVDR threshold survey . This survey has revealed that fewer than 5% of HIV transmissions in lowerincome countries such as Malawi (Kamoto et al. 2008) , Tanzania, Ethiopia, Swaziland, South Africa, Thailand, and Vietnam involve the transmission of viruses carrying known drug resistance mutations, whereas specific areas of Brazil and China have transmitted drug resistance mutation rates between 5% and 15% (Booth et al. 2007; Inocencio et al. 2009; Liao et al. 2010) . The prevalence of transmitted HIV drug resistance (TDR) in developing countries is lower than that in developed countries, where in some countries, such as the United States, rates of transmitted drug resistance within newly diagnosed antiretroviral naïve HIV-1-infected individuals are in the range of 15% (Wheeler et al. 2010 ). This difference reflects the fact that individuals in higherincome countries have had a longer history of antiretroviral therapy that initially involved single or dual drug treatments (as opposed to the triple drug treatments that are currently preferred).
TDR viruses from higher-income countries may also be spreading to the lower-to middleincome countries. TDR viruses with multidrug resistances to the second-line drugs had been detected in treatment-naïve MSM in Beijing in 2006, before China's national treatment program starting the second-line drug treatment. All of these MSMs with multidrug resistances carried the North American prototype B HIV-1, not the local prevalent B 0 , CRF01_AE and CRF07_B 0 C viruses ).
HIVDR in Different Subtypes or CRFs
The probability of drug resistance mutations arising during antiretroviral treatment increases primarily with the duration of the treatment, and there appears to be no difference between lower-and higher-income countries with respect to the rate at which resistance mutations arise in individuals treated with the same drugs (reviewed by Ferradini et al. 2006; Hamers et al. 2008; Kouanfack et al. 2009 ). Although many of the drug resistance mutations have been identified in subtype B viruses (the best studied group in this regard) (Kantor et al. 2005) , there also exist numerous examples of subtype-specific differences in the spectrum of resistance mutations that naturally arise in response to common ARVs. The reason for this is that evolution of drug resistance often involves more than just a single mutation, and usually a pathway to drug resistance is required whereby accessory mutations enable the emergence of primary resistance mutation by compensating for the damaging effects that resistant mutations may have on viral fitness. For example, subtype C and CRF07_B 0 C viruses are predisposed to rapidly acquire the V106M resistance mutation, a well-known efavirenz drug resistance mutation, as the genetic barrier to these viruses acquiring this mutation is substantially lower (need only one nucleotide change) compared with viruses belonging to other subtypes and CRFs (Liao et al. 2007) . Because of the similar preexisting background mutations, subtype C viruses more rapidly developed K65R mutation than other subtypes when exposed to tenofovir (TDF) Doualla-Bell et al. 2006) . In some cases the primary drug resistance mutations themselves are already naturally present at relatively high frequencies. For example, the M46I nelfinavir resistance mutation is naturally present in 0.6% -1.0% of CRF01_AE isolates, and this drug should therefore not be widely used on people infected with such viruses (Shafer et al. 2008) .
CONSEQUENCES OF HIV GENETIC DIVERSITY ON VACCINE DEVELOPMENT
A globally effective vaccine would need to protect against the huge variation experienced in different regions of the world, where viruses may differ by as much as 30% in their envelope protein sequences (Fig. 2) (Gaschen et al. 2002) .
Even a vaccine designed to cover a specific region (e.g., a subtype C-specific vaccine in southern Africa) would need to be effective against viruses that are up to 20% different from one another.
The induction of antiviral neutralizing antibodies is usually the primary aim of vaccines in that this provides the first line of defense blocking incoming virus particles from entering susceptible cells. In early HIV infection, these neutralizing antibodies, directed at the viral Env protein, are very specific and generally only recognize the autologous viruses within that person. However, after many years of infection, some people develop antibodies that recognize a broader range of heterologous viruses, including those that are very different from those which initially generated the antibody response. The production of such broadly acting antibodies is referred to as a broadly cross-reactive neutralizing response (see Overbaugh and Morris 2011) . These cross-neutralizing antibodies tend to recognize a diverse array of subtypes, although there is an association between neutralization phenotype and the subtype that induced these antibodies, suggesting that neutralizing epitopes are more conserved within a subtype (Seaman et al. 2010) . One of the biggest challenges of current HIV vaccine research is the design of an immunogen which will elicit neutralizing antibodies in vaccinated individuals, which will protect them from infection with the entire range of circulating HIV-1M lineages (Fig. 2) (Kwong et al. 2011) .
As an alternative to producing vaccines that will provide antibody-based protection from infection, much effort is being focused on designing vaccines that induce the cellular immune system to attack and kill HIV-infected cells. During normal HIV infections it is the cytotoxic T lymphocytes (CTLs) of the cellular immune system that, at least temporarily, hold the virus in check during the prolonged progression to AIDS. CTLs identify infected cells through the recognition of short linear peptides (usually nine amino acids long) derived from degraded HIV proteins that are presented on the surface of infected cells by human leukocyte antigen (HLA) class I molecules.
CTL responses tend to recognize peptides matched to the subtype that elicited the response more frequently than to peptides derived from divergent viruses, suggesting that genetic diversity is likely to impact on effectiveness of vaccines (Korber et al. 2009 ). One strategy for producing a broadly protective CTL-based vaccine is to induce CTL responses with vaccine-derived peptides that differ as little as possible from those of circulating viruses. Probably the best developed version of this strategy to date uses synthetic proteins, called mosaic immunogens, that have been designed in silico to mimic HIV proteins and both maximize CTL epitope coverage and minimize the genetic distance between the immunogens and circulating viruses (Korber et al. 2009 ). Mosaic immunogens have been found to elicit CTL responses that are of greater magnitude and breadth than those elicited by naturally derived immunogens (Barouch et al. 2010; Santra et al. 2010; Koup and Douek 2011) .
CONCLUDING REMARKS
Low-to middle-income countries continue to be hardest hit by the epidemic, and the health burden imposed by HIV is further exacerbated by poor socioeconomic conditions, the high prevalence of opportunistic infections, poor access to health care, and widespread drug abuse. Further challenges include the stigmatization, and even criminalization, of MSM and IDU in some African and Asian countries, respectively, which makes prevention in these groups difficult. The epidemics in Eastern Europe and Central Asia continue to increase, mainly driven through IDU, whereas in Africa, Latin America, the Caribbean, and most parts of Asia, the epidemics appear to have stabilized. However, within these stabilized epidemics are communities which have frighteningly high epidemic levels, such as urban government antenatal clinics in South Africa where as many as 60% of pregnant women were HIV-1 positive (Abdool Karim et al. 2010) . The HIV epidemic in low-to middle-income countries can only be effectively controlled by combined measures, through social and economic approaches targeting the roots of the epidemic, and with various biomedical prevention, intervention, and treatment.
Molecular epidemiology is an effective tool for tracking the global spread of HIV. The genetic diversity of HIV epidemics in lowerincome countries is greater than that in higherincome countries. This huge diversity, together with high transmission rates and risk of multiple HIV infections, and the occurrence and transmission of drug resistance viruses, will negatively impact pathogenesis and the sustainability of the lifelong antiviral treatment. It is also a major concern that divergent viral lineages, together with new recombinant viruses, will undermine vaccine development efforts. A vaccine against HIV-1 would be the most effective method of controlling this pandemic. Lowto middle-income countries can make a major contribution to these efforts as their high incidences of infection make them ideal locations for prevention and treatment researches, as well as for phase III HIV vaccine trials. It is hoped that closer global cooperation from upstream basic research to downstream clinical trials will greatly speed better intervention and treatment strategies as well as the ultimate production of a successful AIDS vaccine (Kaleebu et al. 2008; Kent et al. 2010) .
